Introduction
Neck pain has an annual prevalence of 30%.
1 It is a very common pain syndrome with 50% of patients proceeding to chronic pain.
1 Neck pain can be insidious in onset or traumatic. A frequent cause of neck pain is cervical facet joint pain, accounting for approximately 55% of cases. 2 The diagnosis of cervical facet joint pain is usually based on the clinical analysis and the outcome of diagnostic cervical facet joint blocks. 3 One might try to augment the pain relieving effect of cervical facet joint blocks by the additional application of steroids, but there is no scientific evidence that steroids provide long-term pain relief compared to local anesthetic only. 4 Lord et al introduced radiofrequency for neurotomy of the cervical facet joint nerves. 5 The rationale of neurotomy of the facet joints is to disrupt the nerval supply of the facet joint in order to achieve pain relief. This technique had been used previously in the treatment of lumbar facet joint syndromes. Since Lord et al's study, the outcome of radiofrequency for cervical facet joint pain has been described in several observational papers. A recent systematic review quoted one randomized controlled trial (RCT) 5 and five observational studies 6-10 on cervical radiofrequency treatment 11 and found level II evidence. In another systematic review the grade of evidence attested was fair, 4 while another systematic review found evidence of effectiveness of high quality according to the GRADE system.
In lumbar facet joint syndromes, radiofrequency has been studied in a large number of observational studies and nine RCTs. [13] [14] [15] [16] [17] [18] [19] [20] [21] Regarding the studies on lumbar radiofrequency, a considerable inconsistency is stated. While an early prospective study found that after 12 months 87% of the patients had at least 60% pain relief, 22 one RCT found that radiofrequency was not better than placebo.
14 Apart from differences in patient selection, differences in application of the technique have also been discussed. 23, 24 In lumbar facet joint syndromes, cryoneurolysis has been described as an alternative to radio-frequency in several observational studies but not yet in RCTs. [25] [26] [27] [28] [29] [30] The technical advantages of cryoneurolysis are the bigger size and the spherical shape of the lesion which increases the probability that the target nerve is struck and which makes a tangential approach to the nerve unnecessary. Strikingly, the results of the studies on cryoneurolysis are relatively uniform. All studies showed an average decrease of the pain intensity of approximately 50%, which lasted for more than 1 year. We sought to examine whether the cryoneurolysis technique is also feasible for cervical facet joint treatment. We describe here the technique of cervical cryoneurolysis under CT-guidance.
Patients and methods
Cryoneurolysis for facet joint pain aims at producing a second degree nerve injury (axonotmesis) to the nerves supplying the facet joint by applying a temperature of -60°C up to -70°C. The target joint is determined clinically according to the clinical presentation.
3, 31 Patients undergo at least two diagnostic blocks with positive results before cryoneurolysis is indicated. In the present study intraarticular blocks were performed, but future studies should use controlled medial branch blocks for patient selection. Cryoneurolysis is performed with the C3 Cryoneurolysis device (Inomed ® , Emmendingen, Germany) which operates with CO 2 . Patients are placed in the prone position. With CT, a target point is identified which is located at the superior margins of the facet joint capsule. A trajectory is then calculated (Figure 1 ). The entry point is marked on the skin. After placement of sterile drapes and skin disinfection with disinfectant scrubs, local anesthesia is performed with up to 5 mL mepivacaine 2% (AstraZeneca GmbH, Wedel, Germany) at the calculated entry point. A little skin incision is made with a 11-blade scalpel. Then, the 12 g needle (Figure 2 ) is advanced along the calculated trajectory toward the target point. The target point is chosen at the lower margins of the upper portion of the facet joint. A CT scan is performed to verify the correct position of the needle (Figure 3 ). To minimize tissue damage, the needle is not advanced directly to the bony surface but only up to a distance of 1 cm from the bone (Figure 3) . If the needle position is correct on the dorsal lateral portion of the facet joint, the cryoprobe is advanced into the needle and the needle is drawn back for 1 cm. If the needle position is not correct, the direction of the needle is changed and the new position of the needle is verified by a second CT scan. When the correct position of the needle is assured, the cryoprobe is introduced. The cryoprobe is held by hand throughout the whole procedure which is easily possible as the cryoneurolysis device can be operated by means of a foot pedal. At this stage it is important to have bony contact with the cryoprobe. From the first target point, the cryoprobe is slowly directed approximately 5 mm cranially. Once the cryoprobe is in this position, sensory stimulation with slowly increasing voltages is performed. When the patient feels the typical pain, motor stimulation is performed. If this does not lead to a motoric response, cryoneurolysis is started. The duration of freezing is 2.5 minutes at each target point (Figure 4) . After freezing, 
If the patient can still feel pain another freezing cycle is performed for 2.5 minutes and the patient retested ( Figures  4 and 5) . The tip of the needle is then moved caudally to a point approximately 5 mm caudal from the initial target point (blue dot in Figure 4 ) and a further stimulation is performed.
If the patient is able to feel the stimulation, cryoneurolysis is performed once again as described above. In this manner usually two points are cryoneurolyzed until no more pain can be elicited by stimulation. Usually patients report an increasing pain during the first minute of the freezing cycle which then abruptly stops.
After the procedure, tape dressings are used which can be removed after two days. The patients usually remain under observation for 2 to 3 hours. For post procedural soreness we recommend nonsteroidal anti-inflammatory drugs (NSAIDs). Physiotherapy should be started after 1 or 2 weeks.
All patients gave a written informed consent prior to the procedure. The present study was approved by the Ethics Committee of the University Hospital Freiburg (institutional review board [IRB] no.: 47/18).
Results
Up till now we have used the technique described above six times in five patients. In one case of bilateral pain in the same segment (C6/7) we cryolyzed the two facets on different days. All other patients had monolateral and monosegmental cryoneurolysis. Treated levels were C3/4, C4/5, C5/6 and C6/7. We encountered no severe side effects apart from soreness of the paravertebral muscles, which could last for a couple of days.
Discussion
The present report describes the application of the cryoneurolysis technique for cervical facet joint pain. The method 
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Wolter et al described here has been employed in five patients without any significant adverse events. All patients have had an uneventful clinical course after the procedure and reported a distinct pain reduction. Thus, the feasibility of the method is demonstrated in this study.
To our best knowledge there are no previous reports about cryoneurolysis for the treatment of cervical facet joint pain. Cryoneurolysis for facet joint pain has been described in a number of studies regarding the lumbar spine. [25] [26] [27] 30 A recent study showed good efficacy of cryoneurolysis in the treatment of occipital neuralgia. 32 Moreover, cryoneurolysis has been described for chest wall pain 33, 34 and several peripheral nerve pain syndromes. 35 For both cervical as well as lumbar facet joints, radiofrequency has been employed with comparably good success. While to date lumbar cryoneurolysis has only been studied in observational studies, for radiofrequency of lumbar facet joints there are nine RCTs available. 11 While some of these RCTs are controlled for the number of diagnostic blocks, 18 additional steroid application, 15 facet joint blocks 19 or for the technique of needle-placement, 20 four of these RCTs are placebo-controlled. 13, 14, 16, 17 These RCTs, however, display contradicting results. While some see radiofrequency treatment only as effective as placebo 14 others have shown good 13, 16 or intermediate results. 17 A recent study showed no significant difference 6 months following a lumbar radiofrequency or intraarticular steroid injection. 21 The published results for lumbar cryoneurolysis, however, show a more uniform picture: in realistically selected clinical samples a bisection of the pain intensity lasting for at least 1 year on average was demonstrated. [25] [26] [27] 30 Cryoneurolysis has yielded favorable results in the treatment of lumbar facet joint pain in a number of observational studies. [25] [26] [27] 30 As there is still some inconsistency in the results of radiofrequency of the cervical facet joint syndrome, it is of interest to elucidate whether cryoneurolysis may be an alternative treatment.
Performing nerve lesions by means of freezing may eventually reduce the risk of neuroma formation. The risk of neuropathic pain secondary to the lesioning procedure might also be reduced. In a recent study on 64 patients who had undergone third occipital nerve radiofrequency, 12 patients (19%) recorded new pain secondary to the procedure, with seven of the 12 patients showing persistent symptoms for an average of 2.6 months. 36 There are no studies to date reporting on the occurrence of neuropathic pain secondary to cryoneurolysis.
Some technical aspects need to be discussed. Performing cryoneurolysis in the way described in the "Patients and methods" section seems to be technically less challenging than radiofrequency, particularly in degenerated facets. The size of the lesion in cryoneurolysis is considerably bigger than in radiofrequency. 37 Thus, the probability that the target nerve is struck by the lesion is increased. Moreover, due to the spherical shape of the lesion, a tangential approach to the nerve is not necessary. On the other hand, the probe and the needle in cryoneurolysis are considerably bigger than in radiofrequency (12 g vs 21 g ), inducing more tissue damage in the paraspinal musculature. Our first experience with this technique, however, showed that the muscle tenderness induced by the procedure resolves within a couple of days. We do not expect that the tissue damage in the paraspinal musculature has a big impact on the patients in the long run. The direction of movement of the tissue probe during the procedure is along the fiber direction of the muscles. The amount of tissue damage, moreover, is a lot less than that caused by a dorsal cervical foraminotomy (Frykholm operation) for example, which is usually tolerated very well by patients. In our opinion, for the choice of the lesion method, the practical feasibility and the probability of accomplishing the objective of the procedure, thus lesioning the target nerve, are more important than the amount of reversible tissue damage.
Further studies are necessary to define whether cryoneurolysis will have a place in the treatment of cervical facet joint pain in the future. These studies should be performed based on patient and joint selection through controlled diagnostic medial branch blocks. They should also imply acquisition of data on the radiation dose and, if applicable, on the amount of tissue damage. We plan to perform a prospective study on this technique and, depending on the results of this study, a non-inferiority study comparing the cryoneurolysis technique with cervical medial branch radiofrequency neurotomy will be performed.
